Optical cavities, which confine light in an enclosed space for a prolonged time, can be used to purify the properties of light, enhance the interaction between light and matter, and explore the quantum nature of light. These features are critical for many important applications in sensors and analytical instrumentation, communications, and microwave photonics.
Figure 1. An index slope is a virtual total reflection mirror that can be used to control the transmission of spiral light. n: Refractive index.
n: Change in refractive index.
index change ( 10 3 ), causing total internal reflection of the spiral wave. Figure 1 shows how this works. In this illustration, the smooth refractive-index gradient shown at left can be approximated as a stack of material layers with different refractive indices. When a spiral wave enters from the higher-refractiveindex layer, the angle of incidence increases as it propagates to a layer with lower refractive index, until it reaches the critical angle at a certain point and total internal reflection occurs. In reality, the index changes in a continuous fashion, but the underlying physics is the same. From Figure 1 we can see that a gentle index slope along the axis of a dielectric cylinder can serve as a total reflection mirror for the spiral waves, which can be used to make an optical cavity. In our experiment (see Figure 2) , an arsenic sulfide-based chalcogenide glass (ChG) fiber was used as the hosting material due to its unique photosensitive properties. Exposing the glass to green laser light induces a structural change that lowers the refractive index. To do this, we first tapered the ChG fiber down to a microfiber with diameter of 15 m by heating and pulling. Then we shined a focused continuous wave green laser onto the microfiber. One side of the optical cavity is defined by a gentle index slope induced by the Gaussian profile of the green beam.
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Figure 2. (a) Before laser exposure, spiral waves is not confined along the chalcogenide (ChG) microfiber. (b) A focused green continuous wave laser is used to modify the index profile along the fiber axis. (c) After exposure, the spiral wave is localized and a cavity is formed, characterized by resonance dips in the transmission spectrum. A sample spectrum of such resonance is shown in (d). SiO 2 : Silica. A.U.: Arbitrary units. Q: Quality factor.
The other side is defined by the tapering slope of the microfiber. 1 The cavity is excited and probed by touching it with a silica taper placed orthogonally to the microfiber. The measurement result indicates the quality factor Q of our cavity ( 2 10 5 ), which is among the best of reported ChG cavities. Higher Q indicates a lower rate of energy loss relative to the stored energy of the oscillator. A related publication from a different group showed that the same concept can be applied to silica glass 3 by using surface expansion from CO 2 laser irradiation.
Our approach offers several advantages, including more control over cavity shaping, real-time monitoring during fabrication, and dynamic tuning. By exploiting the unique properties of ChG glass, our novel whispering-gallery-mode cavity architecture could be used to make efficient nonlinear optical devices and sensors for mid-IR wavelengths. 4 The potential applications of this new approach are extensive. We have shown that a spiral wave can be controlled with a very small index change, induced either electronically or optically. Moreover, by manipulating the wave along the cylinder surface, other functionalities can be achieved. These include reconfigurable dispersion compensation, filtering, and optical delay on a microscopic scale. Next we will explore the nonlinear properties of the demonstrated cavities at mid-IR wavelengths for the application of low-threshold nonlinear signal processing and sensor fabrication. 
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